In collaborative learning groups, students' awareness of each others' activities is key to enhancing the effectiveness of collaboration. Some studies have reported that many of the breakdowns in collaboration in learning groups happen because of a lack of activity awareness. While some technologies have been developed to support activity awareness, the potential of persuasive technology has not yet been explored. We report the design, development and evaluation of a persuasive technology for this purpose in the form of a digital social actor. The design of the social actor was shaped by persuasive design principles. The evaluation involved 21 participants who used the app during group projects as part of a postgraduate course. Results showed that activity awareness increased towards the end of the project work and that participants felt the social actor changed their awareness behaviour. This research makes two contributions: it investigates a novel approach to promoting activity awareness in small learning groups by using a social actor to change students' attitudes and behaviours, and it reports a first attempt to design, develop and evaluate a persuasive social actor based on the Persuasive Systems Design model.
INTRODUCTION
Collaborative learning involves students working together to achieve learning outcomes in the shape of new skills and knowledge. It comes from the constructivist tradition and emphasises learners contributing differing expertise and depending on each other in the creation of new knowledge. Within this paradigm, we define a collaborative learning group to be a small group of students who work collaboratively on a project for learning purposes. We are interested in how the collaboration within such groups can be enhanced.
One factor that has been reported as influencing the success of collaborative groups more generally is the awareness that members have of each others' activities -so-called activity awareness (Gutwin et al., 2004) . However, Al Ashaikh et al. (2014) , in a study of collaborative learning groups working on projects over extended periods of time, found that activity awareness was variable and that it decreased over time. While some attempts have been made to develop software systems to enhance activity awareness in collaborative learning groups (e.g. (Ganoe et al., 2003 ) these typically do so by capturing and sharing details of the activity. We have investigated an alternative approach to accomplish the same outcome -enhancing activity awareness -by using persuasive technology to change the attitudes and behaviours of the learners. Fogg (2003) defines persuasive technology as "any interactive computing system designed to change people's attitudes or behaviours or both (without using coercion or deception)". He coins the term "captology", an acronym for "computers as persuasive technologies" and presents a framework for captology called the "Functional triad" which identifies the role of computers as tools, media, or social actors. Persuasive technologies have been used in diverse areas to change users' attitudes or behaviours or both, but have not previously been used in the context of activity awareness. This paper reports research to investigate how a persuasive technology, in the form of a digital social actor, could be designed to support collaborative learning groups by encouraging students to have greater awareness of each others' activities. We describe the social actor, how it was developed in line with design principles from the Persuasive Systems Design (PSD) model (Oinaskukkonen & Harjumaa, 2009 ) and an empirical study to investigate its effectiveness in naturalistic settings, i.e. real collaborative learning projects.
BACKGROUND AND RELATED WORK
Several types of awareness have been reported as significant in supporting collaboration, including activity awareness, workspace awareness, situation awareness and knowledge awareness (Ganoe et al., 2003; Gutwin & Greenberg, 2001; Salmon et al., 2009; & Ogata & Yano, 2000) . Activity awareness is a widely adopted concept in studying collaboration. Carroll et al. (2006) define activity awareness as an active process in which different kinds of information are continuously shared, tested, and updated to guide group behaviour. Activity awareness in the context of collaborative learning includes knowledge of what other group members did, are doing, and are planning to do throughout the project. Activity awareness in collaborative learning is significant in order to enable students to coordinate tasks effectively (Dourish & Bellotti, 1992) . Convertino et al (2004) state that activity awareness requires awareness of synchronous and asynchronous interactions over long periods of time, and many breakdowns in longitudinal collaboration in learning groups happen because of a lack of activity awareness. They describe a method to evaluate activity awareness and collaborative activities in a controlled setting. They conducted an experimental study in the laboratory where participants worked in pairs on a long-term remote project over several experimental sessions for 4 weeks. They found that students were not fully aware of each other's activity for the duration of the project.
Al Ashaikh et al (2014) report an exploratory study conducted with 5 collaborative learning groups who worked on an assessed learning project for 6 weeks. The groups were relatively small, consisting of 3 or 4 students. The study explored awareness behaviours and collaborative activities. As in the Convertino et al (2004) study, the results showed that in spite of the small group size, the students did not maintain full activity awareness over the course of the project. Specifically, activity awareness was found to be higher at the beginning of the project than in the middle or near the end. It appears that maintaining activity awareness can be problematic even in small learning groups.
Different kinds of technologies have been used to support collaborative learning including generalpurpose applications (e.g. email, discussion forums (Phielix et al., 2010) , blogs and user groups (Anderson & Lin, 2009) ); and CSCL tools (e.g. Blackboard and Wimba Live Classroom (Sugimoto et al., 2002) ). Most of these technologies have been used to communicate, share documents and materials, track the work of the group, or distribute and allocate tasks, i.e. to support sharing of data and/or the functional activities of the group. Usually these systems tend to be "heavyweight" and are used to support the actual collaborative activities. In contrast, there is no lightweight supportive tool that focuses on the learners and their attitude to collaboration without considering the functional aspects of the group's work.
Persuasive technologies have been used in different areas such as health, wellbeing, ecommerce, and learning (Fogg, 2003) . Within the area of learning, examples of persuasive technology have included Behringer et al. (2013) who investigated how to use persuasive technology for learning in a business context. They present two case studies of academic business computing and language learning. They describe how they designed persuasive tools to help business students in their learning and the design principles they applied for each case study. They concluded that persuasive technologies are beneficial for encouraging learning and that it is not practical to apply a common set of persuasive design principles to all learning contexts, i.e. each learning situation needs a specific set of persuasive designs.
Other examples of persuasive technologies in learning have included the HANDS project (Mintz & Aagaard, 2012) and SISATSpace (Firpo et al., 2009) . The HANDS project is a persuasive technology designed for children with autism in special schools to improve their social skills, while SISATSpace is a persuasive technology designed to increase the sense of community among a group of students. However, we are not aware of any work that has utilised persuasive technology to promote activity awareness in a collaborative learning situation.
In higher education, it is common for the syllabus of subjects such as computer science to incorporate collaborative group projects that run over several weeks. In order to maximize the benefit of collaboration in such groups, it is important to support students by promoting their activity awareness over the course of the project. We hypothesized that persuasive technologies may offer a novel way of achieving this by changing learners' behaviours and persuading them to be more aware of fellow group members' activities.
SOCIAL ACTOR DESIGN
In this section, we report the design and development of a lightweight persuasive technology to promote activity awareness in collaborative learning groups by changing the attitudes and behaviours of students. The persuasive technology takes the form of a digital social actor. A social actor is a persuasive technology that gives different social cues to elicit social responses from users (Fogg, 2003) . Possible social cues include physical cues (e.g. face and body), psychological cues (e.g. empathy and humour), language (e.g. spoken language), social dynamics (e.g. praise for good work), and social roles (e.g. guide). Social actors can persuade people to change their attitudes or behaviours by rewarding them with positive feedback, providing social support, or modelling target behaviours or attitudes (Fogg, 2003) . Social actors have been used as persuasive technologies for purposes such as encouraging people to stop smoking (Barbat & Cretulscu, 2003) and minimizing electricity consumption (Ham et al., 2009 ).
We developed a lightweight social actor for activity awareness called "Mr. Mentor" 1 . The target behaviours for Mr. Mentor were to encourage students to share their work with others in their collaborative learning group and, vice versa, to encourage students to look at the work done by others in the group. Mr. Mentor is a digital character that interacts with users by asking questions, providing feedback and making suggestions; it uses voice, text and facial expressions. Two versions of Mr. Mentor were implemented: an iOS version that runs on iPhones and a web version that works on desktop and laptop computers.
Initially, only the iPhone version was created; a web version with slightly less functionality was developed later to enable more people to use the social actor. The iPhone version was developed using Xcode, while html was used for the web version. For the animation, the GoAnimate 2 tool was used to generate Mr. Mentor's face, body, movement, sound, and visual effects.
The Mr. Mentor app was developed based on two persuasive design models: the eight-step design process suggested by Fogg (2009) and the Persuasive Systems Design (PSD) model by Oinas-kukkonen and Harjumaa (2009). Fogg's eight-step design process was followed in designing the app, and the PSD model was used to determine the features of the app. Fogg (2009) suggests an eight-step design process to follow in order to create a robust persuasive technology. The steps involve choosing a target behaviour, an audience, and a common technology channel, finding what prevents that behaviour, finding relevant examples, reproducing successful ones, testing and iterating quickly, and finally expanding on success. In this case, the intended behaviour change was to motivate students to share their work with other members of their group on an on-going basis and to look at the work of other group members for the duration of a learning project. This was "reinforcement" of existing behaviours: the target behaviours already existed but they were not exhibited consistently (Al Ashaikh et al. 2014) . The audience was students who were working in small collaborative learning groups on projects of several weeks in duration. The chosen technology channels were mobile and web apps.
The PSD model offers guidance regarding the features of a persuasive technology and consists of two parts: the persuasion context and the system characteristics. The persuasion context is used to determine the intent, the event, and the strategies for the persuasion. The system characteristics identify four categories of persuasive techniques: primary task support, dialogue support, system credibility support and social support. Each of these categories includes seven persuasive techniques, giving a total of 28 persuasive techniques. For instance, reduction, which is defined as reducing a complex behaviour into simple tasks, is a persuasive technique for primary task support.
The PSD model has not been used previously to develop a persuasive social actor that promotes activity awareness. We drew on the persuasive techniques of the PSD model in designing the Mr. Mentor app. Each of the 28 PSD techniques was considered for its potential suitability and practicality to be applied in this context. Some techniques were deemed inappropriate; for example, third-party endorsements and expertise are useful for e-commerce situations, but were not relevant in this case. Table 1 shows all the persuasive techniques from the PSD model that were applied in designing the iPhone and web versions of the app and how they were applied. The iPhone version was shaped by 15 techniques whereas, due to the time constraints, only 11 were applied in the web version.
For each persuasive technique applied in the design of the app, we also created a statement to describe the implementation of that technique. For example, the statement S1 "The app simplified the interaction with Mr. Mentor by using buttons for answers, and no need to write them" was created for the reduction technique. These statements were used later in evaluating the effectiveness of the approach (see section 4).
Mr. Mentor runs continuously on the device (iPhone or desktop web browser). It interacts with users by asking them on a regular basis whether they have carried out behaviours that support activity awareness ( Figure 1 ). Firstly, Mr. Mentor asks users if they have shared completed tasks with their group, praises them if they have done so, and awards 10 virtual reward points (Figure 2 ). If the user has not shared their work, Mr. Mentor suggests that they should share what they have done now, and the user can choose either 'Ok' or 'Later'. If the user chooses 'Ok', Mr. Mentor will be happy and award 5 points. On the other hand, if the user chooses 'Later', Mr. Mentor will be sad and suggest that he will remind the user again after 2 hours ( Figure 3) . Secondly, Mr. Mentors asks users whether they have looked at others' work, rewards them if they have done so and is sad if they have not done so. 
EXPLORING THE EFFECT OF USING A SOCIAL ACTOR ON ACTIVITY AWARENESS
The effectiveness of the social actor app was investigated in an empirical study. The aim of the study was to investigate the effect of using Mr. Mentor on collaborative learning groups working on learning projects over an extended period of time.
We chose to do this by evaluating Mr. Mentor in an authentic learning situation, a postgraduate course module, rather than by running a more controlled, but ultimately artificial, study. Approval for the study was obtained from the departmental ethics committee.
The main objectives were:
1. To identify any changes in attitudes or behaviours that support activity awareness in collaborative learning groups. 2. To evaluate the success of the applied persuasive techniques in the app from users' point of view.
Study Design
The study was run during a postgraduate module on Interaction Design delivered as part of a Masters programme in HCI. All students taking the module were invited to participate. A repeated measures design was employed: all participants were provided with the app and comparisons were made between participants' attitudes and behaviours at baseline and after using the app. Ethics considerations dictated that students participating in the study were not advantaged or disadvantaged relative to each other. This imposed the constraint that it was not possible to run a comparative study in which some participants used the app while others did not.
Participants
Participants were a convenience sample of Masters students who were working on a compulsory collaborative coursework project for the Interaction Design module over a period of 6 weeks. Twentyone of the 30 students taking the module were recruited to the study. None of the students had been involved in the design of the app and they were not aware that it was intended to influence their activity awareness.
The coursework project involved the design of an interactive system and was worth 40% of the total grade for the module. Students worked in assigned groups of 3 members. However, not all the members of a given group participated in the study: Table 2 shows how many students participated from each group. Twelve participants were female and 9 were male, most were in the 18-29 age group, with different backgrounds and experiences. Of the 21 participants, 9 used the iPhone version of the app and 12 used the web version. Participants who possessed iPhones used the iPhone app; otherwise they used the web version. The app was installed on the participants' iPhones at the outset of the project, or they were provided with a link to the web version. 
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Data Collection Methods
Two data collection methods were used: questionnaires and interviews.
Questionnaires
Questionnaires were used to measure users' attitudes and behaviours related to activity awareness, their perception of whether Mr. Mentor had changed their behaviour and their views on the features of Mr. Mentor that arose from implementing the PSD techniques.
Two questionnaires were given to each participant. The first was administered at the beginning of the project before using the app to collect factual data about demographics and pre-test (baseline) data about students' attitudes and behaviours towards activity awareness and collaborative learning. For the latter, participants were asked to rate 12 statements using 7-point Likert scales; 8 statements for attitudes and 4 statements for behaviours. The second questionnaire was administered at the end of the project, after the students had submitted their work, to collect posttest data about students' attitudes and behaviours towards activity awareness and collaborative learning after using the app, using the same 12 statements with 7-point Likert scales. The second questionnaire additionally collected data about students' opinions of the "Mr. Mentor" app, using both open and closed questions. It examined to what extent participants perceived that the social actor had changed the target behaviours, using two 7-point Likert scales. Finally, the second questionnaire contained statements regarding features introduced as a result of applying the persuasive techniques of the PSD model, and participants were asked to rate these statements using 7-point Likert scales. We used this data to examine whether the PSD techniques had been successfully implemented, (Figure 8 ).
Interviews
Interviews were used to explore activity awareness. Two interviews were conducted with each participant, one in the fourth week and one in the last week of the project. The interview questions were structured and were designed to probe awareness, collaboration, and the tools that students used to communicate and share information. Participants were not asked directly about awareness; they were asked what they had done on the project since last week and what each other member of their group had done.
RESULTS
One-tailed Wilcoxon signed rank tests were used to test for differences between participants' responses in the pre-test and post-test questions about attitudes and behaviours. The Wilcoxon signed rank test is a non-parametric statistical test and can be used on repeated measures from the same sample. The one-tailed test was applied as we hypothesized that changes might occur in one direction, i.e. the ratings for attitudes and behaviours would increase after using the social actor app. 
Changes in Attitudes
Changes in Behaviours
Perceived Behaviour Change
Two statements in the post-test questionnaire focused specifically on whether participants perceived that their behaviour had changed after they used Mr. Mentor. It shows that participants slightly agreed that Mr. Mentor persuaded them to share their work with the group and to look at the work done by their group. In more detail, Figure 6 illustrates individual participants' responses for statements A and B.
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In one of the open-ended questions on the second questionnaire, participants were asked: "Did Mr. Mentor change your awareness of your group's activities?". In answer to this question, 10 participants confirmed some degree of change in their awareness of the group's work. For instance, participant E1 answered: "Yes it did. It did raise some questions, which made me think about my group and our work". This suggests that social actors can motivate students to increase their activity awareness. 
Activity Awareness Analysis
We wanted to obtain an objective evaluation of activity awareness based on the participants' answers in the first and second interviews about what they and their colleagues in the group had done during the previous week of the project. The "accuracy" of participants' activity awareness was explored by comparing their answers to interview questions about the activity of their colleagues against the reality of what those colleagues had been doing. Therefore comparisons were made between what each individual reported they had done and what the other members of their group reported they had done in the first and second interviews. Convertino et al. (2004) categorized activity awareness into three levels: fully aware (FA), partially aware (PA), and unaware (UA). In this study the same levels were used but in a different way. The comparisons were made in a rigorous way, using pairwise comparisons. Participants were ranked as fully aware if they reported what a colleague did correctly/exactly. Participants were ranked as partially aware if they reported some of what a colleague did. Participants were ranked as unaware if they did not report what their colleague did accurately or if they did not know what their colleagues did.
Participant C1 was excluded from the activity awareness analysis because he was the only person in his group who participated in this study and therefore it was not possible to make the comparison. Table 6 presents the number of instances of evaluating the activity awareness for each group: a total of 30 pairwise comparisons were made. For example, 2 participants were from group A, and the activity awareness for A1 was examined by his awareness of A2's activity (1 instance); and the activity awareness of A2 was examined by her awareness of A1's activity (1 instance). The total number of instances for group A is two. Whereas for group E, in which all members participated in the study, the activity awareness of E1 was examined by his awareness of E2's activity and E3's activity (2 instances) and the same for the rest of the group members, giving 6 instances. So groups with 2 participants resulted in 2 activity awareness instances; and groups with 3 participants had 6 activity awareness instances. However, for groups B and G, the third member of these groups was interviewed twice but did not use the app and their activity awareness of their colleagues was excluded. For example, for group B, the activity awareness of B1 was examined by her awareness of B2's activity and B3's activity (2 instances), and the activity awareness of B2 was examined by her awareness of B1's activity and B3's activity (2 instances), with a total of 4 instances of examinations. B3 and G3 are not included in Table 2 .
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2 4 0 2 6 6 4 2 2 2 Figure 7 shows the breakdown of the 30 activity awareness instances for the first and second interviews. At the time of the first interview, just after halfway through the project, approximately half of the activity awareness instances were "fully aware" (14 out of 30) and half were "partially aware" (15 out of 30). Activity awareness was higher in the second interview, which was conducted in the last week of the coursework. The number of "fully aware" instances increased (19 out of 30), whereas the number of "partially aware" or "unaware" instances decreased. In contrast with the study reported in (Al Ashaikh et al, 2014) , activity awareness was not just maintained but actually increased in the later stages of the coursework projects. This suggests that using a persuasive social actor during collaborative group projects may be effective in promoting activity awareness within groups, although clearly other factors may also have influenced the outcome, such as individual differences in the students. Moreover, for each participant, a comparison was made between his/her activity awareness in the first and second interviews, in order to identify changes in their activity awareness. Table 7 presents the results of this comparison for each participant. It shows that the activity awareness of 7 participants increased, the activity awareness of 10 participants did not change and the activity awareness of 3 participants decreased. 
Participant Change in activity awareness
Evaluation of PSD Techniques
The persuasiveness of a system is more about system qualities or non-functional requirements (Oinas-kukkonen & Harjumaa, 2009) , and the perceived persuasiveness is more about the users' satisfaction level with the system qualities (Alhammad & Gulliver, 2014) . The persuasive features were evaluated by calculating averages across all participants for each statement on the questionnaire relating to the features introduced as a result of applying persuasive techniques from the PSD model (Table 1) . As shown in Figure 8 , there was strong agreement with statements S1, S2, S5, S7 and S12, which means that participants thought the features related to reduction, tunneling, praise, reminders, and surface credibility were successfully implemented in the app. In the web version, personalization, self-monitoring, rewards, and competition (statements S3, S4, S6 and S15) were not explicitly implemented, however for rewards (statement S6) some web users thought it was applied because rewards sometimes seem similar to praise. On the other hand, participants did not think that competition (S15) was successfully implemented in either version of the app. For techniques that were applied in both versions, it was clear that the ratings from iPhone users were higher than the ratings from web users. This could be as a result of the number of persuasive techniques applied in the iPhone version, and also the characteristics of the iPhone as a small portable device. Results show strong evidence of the success of some of the persuasive features but clear potential to improve the way in which other persuasive techniques were applied in the design of the social actor. As mentioned earlier, overall averages were calculated for students' opinions towards the app at the end of the study. It was found that some participants felt bored when using the app by the end of the project.
DISCUSSION
The empirical study was undertaken in the challenging context of real-world collaborative learning groups, using several complementary data collection techniques to tease apart the effect of the social actor app.
Activity awareness
Objective 1 was addressed primarily through preand post-test ratings of attitudes and behaviours; the results show that participants had a more positive attitude towards behaviours that enhance activity awareness at the end of the project than they did at the beginning. Although these changes are limited, they were in the positive direction.
Participants' responses to statements A and B also addressed objective 1, this time looking at selfreports of change. The ratings indicate that participants agreed to some extent that Mr. Mentor encouraged them to share their work with the group and to look at the work done by the group. Also, when asked explicitly if they thought that Mr. Mentor changed their awareness of the group's activities, almost half of the participants confirmed that it did change their awareness to some degree. This indicates that social actors can motivate students and change their behaviours to increase their activity awareness.
The study of a collaborative learning group project reported in (Al Ashaikh et al, 2014) showed that activity awareness was higher at the beginning of the project than near the end, i.e. that activity awareness decreased. However, in this study, we found that activity awareness increased towards the end of the project. While it is not appropriate to make a direct comparison, the fact that all participants were at least partially aware of each others' activities, and many were fully aware, suggests that persuasive social actors have potential as a mechanism for promoting activity awareness in collaborative learning groups.
Social actor design
Persuasive techniques from the PSD model guided the design of the social actor. Evaluating the success of our implementation of these persuasive techniques (objective 2) through the 15 statements showed that we had been more successful in some cases than others. Improvements here may well lead to increased persuasiveness and hence further changes in attitudes and behaviours. For example, some participants felt bored when using the app by the end of the project. This may have been a consequence of the daily reminder that Mr. Mentor produced, and could be improved in the future by varying the reminders. Another example is that some participants reported they did not work on the project everyday and that it would be helpful if the reminder times could be personalized.
There is also an argument for extending the set of persuasive techniques applied here. For example, interactivity, which has been used in learning in a business context (Behringer et al., 2013) , may be a useful persuasive technique. Its implementation could result in a social actor that produces more varied interaction responses, as some participants suggested that the social actor could have more interaction options or ask different questions.
Participants who used the web version of Mr. Mentor suggested that an Android version of the app should be developed. They highlighted the fact that the web app had less functionality than the iPhone version. Also, they felt that using such an app on a PC was not effective as they forgot to use it sometimes or it disrupted them when they were working on something else. This suggests that the social actor would be improved if it was more sensitive to what people are doing and minimised the disruption. Although reminding is a useful persuasive technique, implementing it in an inefficient or irksome way can clearly decrease the persuasiveness of the technology i.e. when reminders arrive at the wrong time, people will not interact with the social actor.
Challenges and limitations
The empirical study was an appropriate, but challenging, approach to evaluating the social actor. The challenges of running a long-term study in a naturalistic setting included recruiting participants, collecting data at different intervals from the same participants, then analysing these data to get some sense of the actual effect of using social actors on activity awareness. The study also suffered from a limited number of groups and participants used two different versions of the app. Nonetheless, it yielded insights into the real-world use of a persuasive technology that could not be obtained from a more contrived lab-based study.
Pre-and post-tests are valid instruments to measure changes in human behaviour (Dimitrov & Rumrill, 2003) ; this study used pre-and post-test self-reported ratings to measure changes in attitudes and behaviours. Salmon et al. (2009) used subjective self-ratings in measuring users' perceived situation awareness; however, in order to obtain a more objective measure, we used a method to elicit the actual activity awareness at two time points during the project and then compared these to get a sense of the change in activity awareness. This gave an account of the levels of activity awareness but was limited insomuch as we could not compare this against a control condition.
CONCLUSION
This paper makes two contributions to the field. First, we investigated a novel approach to promote activity awareness in small learning groups by changing students' attitudes and behaviours using a social actor. This approach shows promise: testing the social actor in practice showed a positive effect on the students' attitudes and behaviours with regard to activity awareness. The second contribution is reporting a first attempt to design, develop and evaluate a persuasive social actor based primarily on the PSD model.
We found that the social actor could promote activity awareness in learning groups by motivating students to share their work with other members of their group and also to look at the work of others in the group. Users self-reported changes in behaviours that would be likely to increase their activity awareness in other group projects. Also, the more objective measure of actual activity awareness showed that it was maintained or increased near the end of the project.
In summary, using this social actor seems a promising approach to changing students' behaviours and attitudes in a way that supports activity awareness, and may therefore be able to enhance their collaboration. Future work will focus on continuing improvements to the design of Mr. Mentor, based on the results described above, and on conducting further empirical studies to investigate the extent to which this social actor influences students' behaviour in other learning contexts. In terms of evaluating the app, expert reviews will be conducted in the future work to triangulate our findings.
